Reliability function, R(t), is defined as the probability that the system will not fail during the stated period of time under a given operating conditions. In production process, attaining reliability as a function of time is a common task but in multi-stage services, it is not straightforward due to intricacy of gathering data. Through the present work, we have addressed a systematic method for measuring multi-stage service reliability function using failure rate analysis beside a systematic six sigma approach to improve total system reliability. The proposed methodology furthermore could help practitioners to integrate six sigma metrics with the reliability function and the way to measure existing reliability situation based on sigma level. The proposed method is applied in a given multi-stage central repairing shop for an automobile producer which promotes 86% in total system reliability beside 58% improvement in the sigma level.
INTRODUCTION
In today's technological world, almost every person depends upon the continued carrying out of a broad array of compound machinery, equipments and services for our everyday safety, security, mobility and economic welfare. We expect our home appliances and automobile, lights, hospital monitoring control system, aircrafts, power plants, data exchange systems and any service systems, to function whenever we need them. When they fail, the results can be catastrophic, injurious or even cause loss of life.
As our society grows in complexity, so do the critical reliability challenges and problems that should be solved. The area of reliability engineering especially in service system presently received a tremendous attention from numerous researchers and practitioners as well.
In the past years, a lot of efforts were put on the reliability analysis of sensitive and complicated industries, such as military and nuclear power plant industries, but now, reliability is a public worry (Karbasian and Tabatabayi, 2009) . Today, reliability is held as one of the *Corresponding author. E-mail: Raissi@azad.ac.ir. most important quality characteristics for customers and is used for products, systems, processes and components of systems in a widespread area that extends from electronics to software as an interdisciplinary concept. Hence, service reliability is one of the most important areas in quality engineering and control (Günes and Deveci, 2002) . Now, reliability is the core of quality service. Little else matters to customers when the service is reliable. A company with 100,000 weekly transactions and with a 98% reliability rate still undermines the confidence of 2,000 customers each week. When a firm makes frequent mistakes in delivery, when it does not keep its promises, customers lose confidence in the firm's ability to do what it promises dependably and accurately (Berry et al., 1994) . Results of Johnson and Nilsson (2003) research show a greater effect of reliability on customer satisfaction for services compared to products. But, unlike pure goods, pure services are coproduced with customers at a time. The inseparability of production and consumption for services means that service reliability is more outside the control of the firm. And because service production involves more of the human resources of the firm and customers themselves, it adds greater inherent variability to the service production process. As results, these create more inherent reliability problems for services (Johnson and Nilsson, 2003) .
Therefore, addressing service reliability and providing systematic method for measuring and improving them, is important. But survey of the literature show that very few publications focused specifically on the "reliability" aspect of a service and mainly books on reliability engineering and management, provide the concepts and techniques in reliability engineering commonly applied to products, components and physical systems (Gunawardane, 2004) . This paper, considering mentioned necessities and gaps, try to provide a practical and systematic solution for measuring and improving the sigma level and reliability of a multi-stage service system as a function of time. By integrating six sigma approach and reliability engineering method we proposed a systematic plan to boost up multi stage system reliability.
LITERATURE REVIEW

The state of the art in service reliability
According to definition, a service is a function provided by a person or machine for use by a person or machine (a "client", "user", "customer" or "consumer") (Tortorella, 2005) . Service systems can be divided into two catalogues: machine-based service systems that are provided by a set of machines, and man-machine service systems that consist of the combination of machines and personnel and are more complicated than machinebased serviced systems because of its activity-base. Concepts and models of service reliability will depend on service systems (Li and Thompson, 2007) . In recent years, analyzing and improving reliability of another kind of service systems, such as those found in educational, health care, banking and financial organizations, has been considered by researchers. Günes and Deveci (2002) presented one of the few researches on reliability analysis of such service systems. They proposed the use of failure rate analysis to determine reliability rate of these systems. But their application was suitable for measurement of reliability in a single stage service process. Then, Gunawardane (2004) extended their approach to multi-stage service systems where the service to customer is provided by a system composed of several sub-systems, each processing part of output and applied techniques of reliability engineering for improving reliability of this kind of service systems. But in these two researches, they assumed service processes independent of time and only used the failure rate as the reliability rate of the service systems, meanwhile, in the present research; we address the issue service reliability as a function of time and a systematic method to calculating reliability distribution function in multi-stage service systems using failure rate analysis proposed.
The concept of failure rate is vital in reliability and survival analysis. Nevertheless, obtaining the failure rate in numerous practical situations is regularly not so simple, as the structure of the system to be considered, for instance, can be rather complex or the process of the failure development cannot be explained in the simple way. In these cases, an "appropriate model can help a lot in deriving reliability characteristics. There are several models that can be effectively used for deriving and analyzing the corresponding failure rate and eventually the survivor function. Denote by T ≥ 0 a lifetime random variable and assume that the corresponding cumulative distribution function (cdf) or F(t) is absolutely continuous. Then the following exponential formula exists:
( 1) Where λ(t), t ≥ 0, is the failure rate. In many occasions, a conventional statistical analysis of the overall random variable T presents certain difficulties, as the corresponding data can be scarce (for example, the failure times of the highly reliable systems). On the other hand, information on the structure of the system or on the failure process can often be available. This information can be used for modeling , to be called the observed or achieved failure rate, and eventually, for estimation of F(t). The reliability function is given by:
In Equation 2, we assume that the age of the system before the start of the mission is zero. Thus, Equation 2 is valid only for new systems or those systems whose failures are not age related (that is, the time to failure follows exponential distribution). The other important problem that can be approached in this way is the analysis of the shape of the failure rate, which is crucial for the study of the aging properties of the cumulative distribution functions under consideration.
Time-domain modeling is concerned with the behavior of system reliability over time. The simplest timedependent failure model assumes that failures arrive randomly with inter arrival times exponentially distributed with constant rate λ. The reliability in such system will be:
Generally, researchers organize their reliability analysis via using exponential cumulative distribution function when failure rate has a constant rate. A service system consists of many processes, so reliability of total systems can be measured by its processes' reliabilities. By definition, reliability of a service process is its capability of meeting its specified performance requirements in a given period of time. Therefore, the process inability in accommodation to its operational goals results in its failure and since the failure of each process is due to its sub-processes failure, so for measuring the reliability of a multi-stage service process, first the reliability of each sub-process should be individually determined. Therefore, each sub-process's expected task need to be recognized and then, the failure rate of each sub-process should be separately determined in the specified time range. Gunawardane (2004) proposed a method for measuring the reliability of a multi-stage service process by measuring the reliability of its sub-processes, using failure rate analysis (the basic technique used by Günes and Deveci, 2002) . But his proposed method was suitable for time-independent service processes. However, the method proposed in this paper, considering the time domain reliability using an extension to the technique anticipated by Gunawardan in 2004.
PROPOSED METHODOLOGY
Our proposed systematic methodology has five fundamental phases to improve reliability based on the well known define-measure-analyze-improve and control (DMAIC) methodology in six sigma. But in order to express the architecture of service system, we recommend using the fault tree which is a widely used method in reliability analysis of engineering systems. This method is described in detail in Pham (2003) . Nonetheless, such tool makes use of a few symbols such as Rectangle, AND, OR and Circle in developing a basic fault tree to express the effects of component's faults on behavior of total system. Rectangle is used to denote a fault event that results from the combination of failure events through the input of a logic gate and AND gate denotes that an output fault event occurs if all the input fault events occur.
OR gate denotes that an output fault event occurs if any one or more of the input fault events occur. Finally, a Circle is used to denote basic fault events; more specifically, those events that need not be developed any further (Pham, 2003) . Figure 1 shows a symbol for the most two important gates. In our suggested method, six sigma metric could be set based on the amount of difference between the presence system reliability, and the target, . In such state, defect may be considered as the additional number of failures that a customer is likely to face due to not meeting the reliability target. So, the sigma level of a service system corresponding to meeting the reliability target can be derived by calculating the difference between the target and the achieved reliability. The defects per unit, DPU for not meeting the target reliability is given by: 
Where:
The accuracy of such approximation say is less than4.5 × 10 -4 . Consequently, the sigma level can be deduced using such method as shown in Equation 6: (6) where the value of u is given by:
By using the corresponding Excel @ function, sigma level is given by Equation 8 as: (8) Our proposed systematic algorithm has five fundamental phases to improve reliability based on the well known DMAIC (define-measure-analyze-improve and control) methodology which is defined as:
Step 1: Define a six sigma project to improve the service reliability 1. Focus on the service system voice of customers to recognize the failures types on each sub-process. 2. Determine a few performance metrics for each subprocess. 3. Map the scope of the project using SIPOC (suppliers, inputs, processes, outputs and customers) form beside a conceptual architecture of providing service network. 4. Establish a target reliability value,
Step 2: Measure the time domain system reliability using failure rate analysis 1. Survey of failure data of each sub-process in specific time periods (for example per month) 2. Estimate failure rate of each sub-process periodically over the time domain. 3. Compare the failure rate of each sub-process in several periods 4. Deduce a expected failure density function for each subsystem and ensure the relevant goodness of fits (if a component failure rate roughly deploys a constant rate over the time domain, hence exponential distribution is a valid option. Otherwise, refer to Appendix 1 to find proposed expected density function as the most appropriate alternative). 5. Calculate component reliability as a function of time for each sub-process. 6. Construct a general fault tree diagram based on conceptual system architecture using appropriate gates and nodes to calculate overall system reliability. 7. Consider a target sigma level. Six could set as sigma level to work in world class category 8. Estimate the existing sigma level from Equation 6.
Step 3: Analyze the gap between the exiting and the target circumstances 1. Construct a few cause and effect diagrams (or fish bone charts) to analyze why the current process is not able to meet the main customer requirements. 2. Identify the problems in the inputs and the processes. 3. Assess the impact of inputs and process related problems on the customer requirement. 4. Prioritize the problems. 5. Identify root causes. 6. Generate a few ideas to eliminate deficiencies on inputs and process.
Step 4: Trace the improving methods 1. Screen the ideas to choose the best feasible course of action. 2. Talk about the way to well implement the solution.
Step 5: Keep system to be in control 1. Establish a system to sustain the improvement 2. Follow a systematic plan for updating the measures.
CASE STUDY
Here, application of proposed method is presented for measuring and improving reliability of providing service in central repair shops of an Iranian automobile after-sale service company. The performance of mentioned process is considered monthly from August 2009 to March 2010.
The two groups of customers are denoted by A and B which are the owners of automobiles who come to the repair shop to fix their automobiles.
Repair service process includes automobile reception, repair, quality control and release as sub-processes respectively. Repair sub-process consists of two repair hall called 1 and 2 for repairing the automobiles of two distinct groups of A and B, respectively. Therefore, the schematic diagram of repairing services in central shop is presented in Figure 2 .
As a common rule in the central shop, performance of the reception unit, repairing halls and releasing unit are measured by means of their direct staff's performance scores, hence, any deficiency in the monthly allocated score to all staffs from their minimum threshold scores is defined as a failure for the mentioned sub-processes. Consequently, if one consider as daily score of staff in month , hence and also as minimum daily score of staff in time then the failure rate of the automobile reception unit ( ), the repair halls ( ) and the automobile releasing unit ( ) may be estimated from Equation 9: 
In quality control sub-process, number of automobiles returned back to central shop before passing 72 h due to mall functions, say considered as its failure. So, failure rate of quality control sub process at time could be estimated by Equation10: (10) Results of calculating the monthly failure rates of subprocesses during August 2010 to March 2011 presented in Table 1 show significantly constant failure rates. Therefore, time to failures of each sub process could be deduced to deploy from exponential distributions based on their relevant average failure rates as showed in Table  1 .
As a result, reliability functions of all sub-process could be estimated from Equation 11 (Rausand and Hoyland, 2004) : (11) Where denotes probability density function; pdf of sub process . Table 2 shows the probability and reliability functions of the referred sub processes based on Equation 12.
According to Table 2 , repairing halls have highest failure rates, so, as shown in Figure 3 , they have lower reliability functions respectively. Therefore, these two sub-processes need more attention in decreasing their failure rates. Fault tree diagram corresponding to the reliability of the central shop is shown by Figure 4 . As it shows, the topevent of the system which means inability of central shop to provide promised service occurs when each of independent sub process fails. Therefore, these four subprocesses act as a series configuration.
The total system reliability possibly achieve by the product of their relevant reliability functions as: where so, Hence, the reliability of the central shop, for one month task is equal to . It means that the probability which repair shop survives one month is only 50%. By substituting the reliability function with 0.95, one with 95% confidence level can infer that this system will survive only 0.07 month (12 h):
By using Equations 4, 6 and 7, the present system sigma level attained 1.63 which is too far from world class level. In order to promote the system reliability, we aggregate the reacceptance duties in each repairing halls at first scenario. So, system configuration changed as shown in Figure 5 .
Applying the first proposed plan, the system reliability could be estimated by Equation 13: By substituting t=1, total system reliability promoted to 0.92857 which shows about 86% improvement rate. In such circumstance, the sigma level advances to 3.6 which demonstrate 58% improvement in sigma level. We also expect to run into more progress after carrying out a standard six sigma project.
Conclusions
In this paper, we addressed the issue of variation in service reliability with time and thus proposed a systematic method for measuring reliability function of multi-stage services using failure rate analysis in a six sigma DMAIC methodology. The originality of this research is that it considers the issue of variation in service reliability as a function of time, unlike previous researches, and based on the six sigma approach it provides a solution to promote total system survivor function in a given multi-stage service system.
High rates of improvement in the sigma stage and system reliability at the last case study was illustrated showing the advantages of using the proposed approach in a selected multi-stage service system.
